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Abstract—Achieving absolute power measurement is not so
easy in the THz range. In this paper, we describe a simple method
to perform power measurement no more expressed in a.u. but in
Watt. For a 3.8 THz single-plasmon Quantum Cascade Laser, 28.8
mW peak power was measured with 12:1% relative uncertainty.
The operating method described is not really a metrologic one
but one that can be easily performed in every laboratory.
I. INTRODUCTION AND BACKGROUND
THE well-known “THz gap” frequently described fortechnological development also exists for metrology. To-
day, only one national metrology institute, the Physikalisch-
Technische Bundesanstalt (PTB) in Germany, offers a trace-
able measurement of radiant power of a THz quantum cascade
laser (QCL) at 2.52 THz [1]. Because our laboratory is
working on active imaging using QCLs, we need to know
the emitted power of our sources. That’s why we have tried
to define an experimental procedure attainable with materials
available in the lab. The goal is to obtain, for a given QCL,
a L (for Light) vs I characteristic curve where power can be
expressed in mW. The method described in this paper is simple
and repeatable and can be used by everyone working in the
THz range: L(I) data are recorded in a configuration avoiding
detector saturation, then the QCL beam pattern is acquired.
Detector responsivity being known, integrating beam pattern
data gives us the total power included in the QCL beam for
given laser driving conditions. Finally, L(I) curve is shifted to
match total power at the current value where beam pattern has
been recorded.
II. RESULTS
A. Procedure description
The absolute power measurement procedure is applied to
a 3.8 THz ( = 79m) single plasmon QCL, designed and
manufactured by Dr. Raffaele Colombelli’s group at IEF Orsay
(France). Based on a bound-to-continuum active region and a
single plasmon waveguide, the laser consists of 90 repeat pe-
riods of a GaAs=Al0:15Ga0:85As heterostructure. The active
region is embedded between upper (80 nm thick) and lower
(700 nm thick) GaAs layers which are doped at levels of n
= 531018 cm 3 and n = 231018 cm 3, respectively. These
layers, together with the 11.57 m thick active region, the
semi-insulating substrate, and the top contact metallization,
form a plasmon confinement waveguide. The two 12.0 and
11.4 nm thick quantum wells were doped at a level of only
1.631016 cm 3, yielding a computed overlap factor of 27%
and waveguide losses of 10 cm 1. Lasers were grown by
molecular-beam epitaxy and wet etched into ridge cavities
240 m wide and 12 m deep. Devices were indium bonded
to copper holders and mounted on the cold head of a closed
cycle cryocooler [2]. This device emits at 3.8 THz and a
threshold current close to 1.1 A, in pulsed operation (Duty
Cycle=1%), is measured at 10K.
The procedure is described by the flow chart in figure 1: a
far-field beam pattern characterization of the QCL allows us
to determine, after corrections and adjustements, the optical
power emitted for given temperature and driving current
conditions. So, previously recorded relative L(I) data can be
matched to this reference power to obtain absolute power vs
current data.
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Fig. 1. Description of the method different steps
1) Beam pattern: The QCL is driven by a pulsed current
source, at 1.43A close to maximum power operation (pulse
width = 40s, duty cycle = 1%). Far-field beam pattern is
acquired by moving in X and Y a Tydex GC-1T Golay cell
whith an entrance aperture diameter restricted to 2 mm. The
detector displacement is 82 mm x 82 mm with a 2mm scanning
step and for each position, the average value and standard-
deviation on 32 measurements are recorded. So, we obtain a
41x41 array representing the beam pattern.
Then, we calculate the beam centroı¨d position whose horizon-
tal and vertical coordinates, Hc and Vc, are given by:
Hc =
P
(h I(h; v))
I
; Vc =
P
(v  I(h; v))
I
(1)
where I(h; v) is intensity at pixel (h; v) and I is the total
intensity, integrated on the whole surface. Then, assuming
that the beam is Gaussian, data from line and row passing
at centroı¨d are fitted to a Gaussian distribution in order to
obtain horizontal and vertical beam widths at 1=e2. So, we
can define and plot an ellipse corresponding to the contour of
the laser beam (fig. 2a). The sum of pixels inside the ellipse
represents 86% of the total power.
2) Detector calibration: Previously, the Golay cell respon-
sivity was calibrated at 3.4 THz using a blackbody source at
373 K and a set of two filters (a 3.4 THz band-pass and a 10
THz low-pass) [3]. Regarding the slight difference between
calibration and working frequencies compared to Golay cell
operating range ( 37GHz to 23THz), we will consider,
with a good approximation, detector responsivity at 3.8 THz
equal to S = 28:2 kV:W 1 measured at 3.4 THz.
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Fig. 2. Beam pattern (+ is centroı¨d position, dotted line shows ellipse
surroundings) and L(I) data
3) L(I) data recording: Light versus Intensity data were
recorded at the same temperature (4.2K) and under same
driving conditions than for beam pattern acquisition. The
Golay cell was just put in front of the cryostat window. An
aperture diaphragm, inserted in the beam path just after the
optical chopper, is used to limit the optical power reaching the
detector in order to avoid saturation. The goal of this setup is
only to record the shape of the L(I) curve.
B. Data corrections and final results
The sum  of pixels inside the ellipse is 3429 mV. The
expression used to calculate the reference peak power is:
Pref =  1
S
 1
0:86
 1
DC
 1
W
 4

(2)
where S is the detector responsivity (in V/W), DC is the
current pulses duty cycle,  = 0:65 is the 3.5 mm thick
cryostat window transmission coefficient at 3.8 THz. The
constant factor 10:86 comes, as mentionned before, from the
Gausian beam assumption and the factor 4 is used to correct
the fact that, due to the detector circular aperture  = 2mm
and the 2 mm scanning step, a part of the beam, propotional
to the ratio beween the two corresponding surfaces.
So, we obtain a peak power value equal to 27.7 mW at 1.43 A.
A coefficient is applied to previously recorded L(I) data to
match the relative power at 1.43 A to 27.7 mW. At the end,
we can plot the absolute peak power curve shown in figure
2(b) where the maximum peak power is 28.8 mW for 1.46 A
injection current.
III. UNCERTAINTY ESTIMATION
From equation 2, the relative uncertainty on laser power can
be written:
PrefPref
2 = 
2 + SS
2 + DCDC
2 + WW
2 (3)
The detector sensivity calibration was performed using a
calibrated blackbody source and a band-pass filter. Due to non-
linearities in the expression of power reaching the detector en-
trance aperture, uncertainty cannot be calculated analytically.
So, applying a random variation of all parameters (geometrical,
temperature, atmospheric and filter transmission) numerical
simulations were computed to determine a relative uncertaintyS
S
 = 11:7%. For the sum of pixels inside the beam ellipse,
the relative uncertainty


 = 0:3% is estimated from the
quadratic sum of errors at each pixel. Others contributions can
be omitted because
DC
DC
 = 0:1% and   = 1%. Finally,
the relative uncertainty on reference power is determined by
responsivity: PrefPref
 = 11:7%
IV. CONCLUSION
We have presented a simple and reliable method allowing
the determination of absolute power emitted by THz sources
such as Quantum Cascade Lasers. This method allows us to
determine the optical power with a relative uncertainty close to
5.5% and was used for a 3.8 THz QCL which peak power was
measured in the range (28:8  3:4)mW , main contribution
coming from the detector responsivity calibration.
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